Findings of the current study highlighted the underlying inflammatory process following extracorporeal shock wave lithotripsy (ESWL) procedure and can be a good sample for further investigations. Introduction: Extracorporeal shock wave lithotripsy (ESWL) was established as a dramatic procedure in the treatment of urinary stones. According to the growing utilization of ESWL as a major method of urinary stone, management and the reports have been reported based on renal tissue damage. Objectives: We decided to examine the severity of ESWL-induced renal tissue damage and its related factors by monitoring the urinary levels of cytokines. Patients and Methods: In this study, the urinary samples of 32 patients with urolithiasis were taken before, 24 hours and 14 days after ESWL and interleukin-1ɑ (IL-1a) and interleukin-6 (IL-6) levels were measured by enzyme-linked immunosorbent assay (ELISA) method. Results: Our findings indicated that there was a significant difference between the urinary levels of both IL-1ɑ and IL-6 in 14 days before and after ESWL. Conclusion: According to our results, ESWL leads to an inflammatory process in the urinary tract and the inflammation have continuously increased up to 14 days after procedure.
Introduction
Urinary stone is the third common urologic disease. Fifteen percentage of the general population will develop the disease during life span (1) . Extracorporeal shock wave lithotripsy (ESWL) was primarily used for medical intentions in the 1980s and established the dramatic effect on the treatment of urinary stones. Today, it is estimated that 90% of upper urinary tract stones could be managed by this method with a success rate of 68%-86% (2) (3) (4) . The access to urinary stone depends on several major factors including size, location and type of calculi (5, 6) . Not only ESWL is a major treatment of stones below 2 cm, but stones less than 10 mm have also been mostly affected. However, stones less than 10 mm in diameter are mostly affected by ESWL. The major impact of ESWL is on the stones located in middle calyx, upper calyx and renal pelvis respectively. Distal ureter and bladder are placed in the latter positions. Among stones of different types, uric acid and struvite are the most sensitive stones against ESWL (7) (8) (9) . Although it is considered as a noninvasive method, ESWL as well as any other treatment has its own complications which causes acute and rarely chronic damages including renal damage, renal colic pain for more than 24 hours, transient hydronephrosis and dermal ecchymosis. It can also lead to urinary tract infection, hypertension and hematuria (10, 11) . The exposure of shock waves for the purpose of destructing urinary calculi could have been undesirable effects on the soft tissues and vascular system of urinary tract. Subsequently, it could lead to inflammation and tissue damage (12, 13) . Several pro-inflammatory markers have been utilized in urological practices in order to gain an accurate and detailed diagnosis of renal damage. One of these methods is the measurement of urinary cytokines. Cytokines are a category of either protein molecules or soluble glycoproteins. The role of these signaling molecules is communication between immune cells or other cells. They regulate inflammatory and immune responses (14) . Interleukin-1ɑ (IL-1ɑ) and interleukin-6 (IL-6) are used to call pro-inflammatory cytokines due to their role in the inflammatory process. Therefore an increase in the level of these elements indicates the presence of inflammation. Given the essential role of these molecules in the inflammatory responses, they are extensively used to evaluate cellular damage (15, 16) .
Objectives
According to the growing application of ESWL as a major method of urinary stones lithotripsy and the reports concerning the probable renal tissue damage, we decided to investigate the severity of ESWL-induced renal tissue damage (inflammatory response to ESWL) by the evaluation of IL-1a and IL-6.
Patients and Methods
This prospective observational study was conducted on patients with a history of urinary stone symptoms referred to Ali-ebne-Abitaleb hospital in Zahedan, South-East province of Iran.
Patients
Participants were collected with systematic randomized sampling method. The demographic data of patients (age and sex) were recorded. Once taking history, they were all examined. Routine tests and imaging was performed for all patients. ESWL candidates were those with urinary stones (5 to 20 mm) diagnosed by history, physical examination, laboratory and imaging tests. All of them were included in our study (17, 18) . The exclusion criteria was essential hypertension, active bleeding disorders, serum creatinine above 3 mg/dL, urinary obstruction distal to the stone, urinary tract abnormalities (horseshoe kidney, displaced kidney, and extra-kidney), the history of colicky or renal lodge pain or taking analgesics or any other antiinflammatory or immunosuppressant in previous week and existence of any infection (21) (22) (23) (24) (25) .
Measurements and procedures
A total of 32 patients were included to the study. All the patients were treated by ESWL after receiving parenteral sedative (Ketamine 2 mg/kg IV or Pentazocine 0.5-2 mg/ kg) (20, 21) . Patients were treated by using the device (Dornier Compact Sigma, Med Tech, Kennesaw, GA, USA). The whole aspects of treatment including number of shock waves, voltage of device, and duration of treatment were recorded. Approximately 2200-4000 shock waves at the range of 10-20 kV were applied equally. To investigate cytokines, urine samples were taken before ESWL, 24 hours and 14 days after it. Urine samples were obtained by standard methods and were studied by using enzymelinked immunosorbent assay (ELISA) (ASYS, Germany) for measuring the IL-1 and IL-6 levels by Orgenium kit of Finland. The participants were instructed not to use any medication without consulting with the researcher urologist.
Ethical issues
The study protocol was in accordance with the declaration of Helsinki and was approved by the Ethics Committee of Zahedan University of Medical Sciences. All participants gave their informed written consent to enter the study (# 1202).
Statistical analysis
Collected data were analyzed by SPSS 18 software (Chicago, IL). The Kolmogorov-Smirnov test was used to evaluate the normality of the data. Quantitative data were expressed as mean ± standard deviation (SD). Urinary level of ILs were compared before and after performing ESWL by paired t-test. Independent t-test was utilized for presence or absence of significant fluctuation of interleukin levels based on type, stone position, stone size, and involved side. Differences were considered statistically significant when P < 0.05.
Results
The mean age of the participants was 37.8714.38 ± years (range from 19 to 77). Nineteen patients (59.37%) were males and 13 were females (40.62%). Of the cases, 46.8% had stones sized 10 mm or less and others presented with stones larger than 10 mm. Mean size of stone was 11.34 ± 3.15 mm (7 to 19 mm). The stones were located in right urinary tract in 15 (46.8%) patients and 17 (53.1%) of them had left-sided stones in their urinary tract. Renal stones were detected in 22 (68.7%) and ureter stones in 10 (31.2%) cases. The difference between inflammatory elements with several baseline parameters including sex, location of stones in the urinary tract, size of the stones and involved side were not significant (Table 1) .
Serum levels of IL-1ɑ
The mean urinary level of IL-1ɑ measured before the ESWL was 5.94 ± 5.44 pg/mL. Mean urinary levels of IL-1ɑ 24 hours and 14 days after ESWL were 7.88 ± 7.14 pg/mL and 10.60 ± 10.33 pg/mL, respectively (Figure 1 ).
Repeated measures revealed significant increase between the levels of IL-1ɑ level before ESWL, 24 hours and 14 days after the procedure (P < 0.001).
Serum levels of IL-6
The mean urinary level of IL-6 measured before ESWL was 5.82 ± 4.64 pg/mL. Mean urinary levels of IL-6 24 hours and 14 days after ESWL were 14.33 ± 14.01 pg/mL and 44.67 ± 32.97 pg/mL, respectively (Figure 1 ). Repeated measures revealed significant difference between the levels of IL-1a level before ESWL, 24 hours and 14 days after the procedure (P < 0.001).
Discussion
In this study, urinary levels of IL 1-ɑ and IL-6 were assessed before the operation, 24 hours and 14 days after ESWL. Increased urinary levels of both interleukins indicated a significant difference through the study. Our findings revealed that ESWL causes inflammation in the urinary system and this rising trend of inflammation lasts within 14 days. Complications of ESWL including induced inflammation have been attracted great attention in previous studies. Goktas et al similarly measured the urinary levels of IL-1ɑ and IL-6 to examine the presence of ESWL-induced inflammation and the severity of the process. They reported a significant increase in the level of IL-6 during early phase (24 hours after ESWL). They also found the same results about levels of IL-1ɑ during a 14-day period (12) . Also, Dundar et al revealed a significant increase in the level of IL-1ɑ in the early phase (24 hours after ESWL) and IL-6 over a 14-day course in patients underwent ESWL (22) . There was previously a question whether the levels of IL-6 and IL-1ɑ in stone formers could be utilized as a predictive factor of stone formation; but there were no supportive evidences (23) . The difference in the results of various studies may be due to the difference in race, type of equipment used, and skill level of surgeon. In several studies, other markers had also been used to investigate the inflammation and renal damage after ESWL. Sarica et al used urinary and serum levels of nitrite and adrenomedullin to evaluate the presence and severity of ESWL-induced renal damage. Their finding indicated the increasing levels of both markers 24 hours after ESWL (13) . The inflammation induced by ESWL can be the consequence of unintentional lithotripsy shock waves exposure to the surrounding tissue. These waves can lead to damage to the renal artery directly. It may also cause an inflammatory response, known as ESWL-induced nephritis (12, 13) . Considering the importance of this issue, we studied many parameters neglected in other studies including sex, size, location and side of stone in urinary tract. We assumed that the differences had to be significant in different locations and size of stones according to the more tissue mass in kidney compared to ureter, further amount of shock wave and wider area of exposure in urinary tract tissues for lithotripsy of larger stones. However, we did not notice any significant difference in any of our variables. This finding may suggest the hypothesis that the extent and severity of ESWL-induced inflammation does not vary in different sexes, sizes, locations and the involved side. The probable explanation for these findings might be the standard ESWL with the same dose of shock wave exposure to our patients , urinary tract tissue in spite of age and sex. Our conclusion should be interpreted with caution because of small study population. Nevertheless, in several studies, these variables concerning ESWLinduced inflammation have not been fully investigated (12, 13) ; in comparison to those which take these variables into consideration (24, 25) . The examination of interleukins is limited and it does not have a common worldwide application to evaluate ESWL-induced inflammation. Moreover, specificity and sensitivity of the methods are discussed. Therefore, we suggest that further studies should be carried out.
Conclusion
According to our results, ESWL leads to an inflammatory process in the urinary tract and the inflammation continues to increase up to 14 days after procedure. To reduce inflammation caused by ESWL, the best method of treatment should be selected based on the patient's condition. As mentioned above, ESWL is extensively used as a non-invasive method in the treatment of urinary stones. But it may lead to complications for the patients as well as other treatment options. Further studies are needed to investigate on incidence, severity, and complications of ESWL-induced inflammation. Moreover, studies should be carried out to find a biomarker with high specificity and sensitivity to detect this type of inflammation.
Limitations of the study
Low proportion of patients is a limitation of our study. We suggest larger investigation on investigation of inflammatory biomarkers in patients underwent ESWL.
